In spite of continuous improvements in methods for the isolation of recognized pathogenic groups of Enterobacteriaceae, many outbreaks of gastrointestinal disease still occur in which only organisms of unknown significance are found. Often cases of diarrhea that are obviously of common origin yield only paracolon bacteria with identical or closely related biochemical characters. There is an increasing tendency to attribute etiological significance to these forms. The literature dealing with the role of paracolons in diarrhea has been reviewed by Neter and Clark (1944), Stuart and Van Stratum (1945) , and Barnes and Cherry (1946).
In spite of continuous improvements in methods for the isolation of recognized pathogenic groups of Enterobacteriaceae, many outbreaks of gastrointestinal disease still occur in which only organisms of unknown significance are found. Often cases of diarrhea that are obviously of common origin yield only paracolon bacteria with identical or closely related biochemical characters. There is an increasing tendency to attribute etiological significance to these forms. The literature dealing with the role of paracolons in diarrhea has been reviewed by Neter and Clark (1944) , Stuart and Van Stratum (1945) , and Barnes and Cherry (1946) .
One of the greatest difficulties in assessing the importance of paracolon bacteria in the causation of diarrheal disease is the lack of an exact method of identifying the cultures involved. In only a few instances has it been demonstrated that cultures from the same outbreak were serologically identical or even closely related. Rhodes (1942) found that several cultures isolated from one food-poisoning outbreak were identical. Stuart and Van Stratum (1945) found a high percentage of serologically identical coliform and paracolon strains in each of two institutional outbreaks of diarrhea in children. Barnes and Cherry (1946) noted that 28 strains isolated from an outbreak of gastroenteritis were serologically related, but the antigenic properties of the cultures were not studied intensively.
Although the Arizona group of paracolon bacteria has been classified and antigenic types have been established (Edwards, West, and Bruner, 1947) , it composes only a very small fraction of the cultures usually classified as paracolon bacteria. No systematic work has been done on the antigenic analysis of other groups of these bacteria, although the work of Stuart, Wheeler, Rustigian, and Zimmerman (1943) demonstrated that a high degree of serologic relationship exists between biochemically similar strains. It therefore seemed worth while to study intensively the antigenic relations of a group of epidemiologically related strains in the hope of arriving at some conclusions regarding their significance. Also, such a study might serve as a basis for the classification of a further group of paracolons. Cultures previously described by Barnes and Cherry and similar cultures isolated from other small outbreaks were generously supplied by Comdr. L. A. Barnes. Of the 32 cultures studied, 22 were isolated from 12 patients in one outbreak, 6 from 4 patients and 2 food handlers in a second oubreak, and 2 from patients in a third outbreak. The remaining 2 cultures were isolated from milk and from a person who developed diarrhea after drinking it. The cultures all belonged to the group classified by Stuart, Wheeler, Rustigian, and Zimmerman (1943) as paracolon intermediates and most closely resembled their type 14011. According to the scheme of Borman, Stuart, and Wheeler (1944) Any study of the antigens of paracolon bacteria must be approached with some caution since it has been shown by Kauffmann (1943 Kauffmann ( , 1944 and by Knipschildt (1945) that coliform bacteria contain heat-labile and heat-stable somatic antigens that inhibit 0 agglutination. Therefore, it is necessary to ascertain whether such antigens are present in cultures being studied. 0 serums were prepared from broth cultures that had been heated at 121 C for 2.5 hours. The serums were then used in agglutination tests in which living broth cultures and broth cultures heated to 100 C served as antigens. Tests were incubated at 50 C for 1 hour and read after standing overnight. In the strains under consideration it was found that living cultures and heated cultures were agglutinated equally well and in high dilution by the 0 serums, a fact which indicated that they did not contain L or A (K) antigens. Though The H antiserums were prepared from formalinized broth cultures of strains that had been passed repeatedly through semisolid medium to insure optimum development of H antigens. Similar cultures were used as antigens in the H agglutination tests, which were read after incubation for 1 hour at, 50 C.
By agglutination and absorption the organisms were divisible into four 0 groups, the reactions of which are given in table 1. Fifteen cultures fell into group 1, 7 into group 2, 10 into group 3, and 1 into group 4. The 0 antigens of all group 1 cultures were identical, as were also those of group 2. In group 3 minor differences were found among the cultures and their relationships were complicated. Reciprocal absorptions revealed minor differences that were not clear cut. For the present it seems best to place these strains in one 0 group.
The 0 antigens of the cultures were tested with serums for Kauffmann's coli 0 groups 1 to 11 inclusive, 18, and 21 to 25 inclusive. These serums were ob- When the 0 and H groupings of the 32 cultures were combined, 8 types were established. These types were designated simply by the numbers applied to the 0 and H groups to which they belonged. Thus a member of 0 group 2 that had group 3 H antigens was represented by the formula Be.2:3. The letters preced- table 4 . These forms, which are called phase 1 and phase 2, were both agglutinated in high dilution by serum derived from the whole culture. Phase 1 (H antigen 6) was agglutinated in high dilution by Md. 2 serum but was unaffected by Na 22 serum. With phase 2 these reactions were reversed. Colonies of mixed phase were found that were agglutinated by both serums. Upon plating these mixed colonies, mixed colonies and colonies of phase 2 appeared. When phase 2 colonies were placed in semisolid medium that contained suitably absorbed Na 22 serum, they spread through the medium and phase 1 was isolated from the spreading growth. Phase 1 has not been similarly reversed, nor has either phase been found to revert naturally to the other.
As originally received, Na 22 was agglutinated actively by Na 11 serum, and the two cultures were included in the same H group. When this culture was 1948] placed in semisolid medium that contained suitably absorbed Na 11 serum, it spread through the medium, and from the spreading growth a form was isolated that was no longer agglutinated by Na 11 serum and reacted only slightly with serum derived from the parent strain. The changed culture was agglutinated to the titer of serum derived from Md. 10, another strain received from Mr.
Hajna. This component was called phase 1 and designated as H antigen 7 The only variation noted in Na 22 was that which occurred under the influence of serum.
ANTIGENIC TYPES
The antigenic types established are given in table 5. The 4 0 groups were divided into 8 serologic types. Type 3:3 was not merged with type 3:2-3 nor designated as a subtype of the latter since the cultures were not identical with phase 2 of 3:2-3 nor with each other. It was stated above that 0 group 3 and H group 3 each contained closely related but distinct antigens. Thus cultures Na 12, Na 20, and Na 30 possess slightly different 0 and H antigens. At present these types are placed under the same antigenic formula because the specific factors that distinguish them are rather weak. Later it may be found advisable to distingulish between them. As yet these strains have not been found diphasic. It is possible that they later may be distinguished by the isolation of other phases.
DISCUSSION
The question of the pathogenicity of the Bethesda group is not definitely answered by this study, but certain suggestive results were obtained. Although the paracolons isolated from outbreak 1 were divisible into 5 types, one type (Be.1:1) was predominant and was present in at least 9 of 12 patients from which cultures were available. The presence of this type in 75 per cent of the individuals suggests that it was responsible for the epidemic.
In the second outbreak 3 of the 4 persons affected yielded identical cultures, but from the fourth patient was isolated a nonmotile culture of the same 0 group. Asymptomatic food handlers connected with this outbreak yielded distinctly different types. It seems highly probable that type Be.2:4 was responsible for this infection.
The third outbreak consisted of only 2 cases of diarrhea thought to be of common origin. These yielded types of the same 0 group that had distinct H antigens. One of these cultures was Na 11, mentioned above. Since so little is known of variation in these organism, it is impossible to say whether the 2 cultures originated from the same type. The fourth outbreak was represented only by 2 identical cultures, one from obviously spoiled milk and the other from the stools of a patient who became ill after drinking it.
Although the results suggest that these paracolon bacteria may incite outbreaks of disease, it was found that many cultures of the Bethesda group occurred in individuals with no history of diarrhea. This group is widely distributed, and the writers are in possession of a large number of cultures from both normal persons and individuals affected with diarrhea. If the organisms are pathogenic, it must be recognized that the carrier-case ratio is rather high, apparently much higher than in the Salmonella and in the Shigella types of recognized pathogenicity.
In the present state of knowledge it is difficult to establish the limits of the Bethesda group. As in other enteric bacteria it undoubtedly will be found to merge with other groups. Nevertheless, until more is known of the serology of the Enterobacteriaceae it seems worth while to set it apart for the moment so that it may be studied and correlated with other groups. Such a procedure has yielded excellent results with the true Escherichia coli types and with the Arizona paracolons. Therefore, the Bethesda group is tentatively described Undoubtedly, cultures with other biochemical characters will be found to be serologically related to this group. However, it is within this biochemical group that serologic relationships most frequently are found. It is known that the antigens characterized here are only a few of many that occur within the group and that the establishment of the few serologic types delineated here constitutes only a very meager beginning in its classification. However, if these cultures that prove so troublesome to the worker in enteric bacteriology are to be understood, a start toward their classification must be made.
The few instances of serologic variation noted above indicate that the classification of the group will not be easily accomplished. For lack of landmarks the work proceeded slowly, and it was necessary to support each step by reciprocal absorption tests. As the group is better understood its classification should proceed much more rapidly. SUMMARY Thirty-two paracolon cultures isolated from 4 distinct outbreaks of diarrhea were studied. The organisms formed a rather uniform bioc4emical group.
They were divided into 8 serologic types through the examination of their 0 and H antigens. In general, the types established by serologic examination agreed fairly well with the epidemiologic data. The H antigens of some cultures were variable. The cultures studied belonged to a group of paracolon bacteria that were designated as the Bethesda group.
